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,QWURGXFWLRQ
7KHGDLU\KHLIHULVLPSRUWDQWDQGLQIOXHQWLDOFRZVLQWKHKHUG0RVWGDLU\KHLIHUPXVWUHSODFHRQHWKLUGRIPLONLQJ
FRZVHDFK\HDULQRUGHUWRPDLQWDLQPLONLQJKHUGVL]H7\OHUDQG(QVPLQJHU)HHGFRVWIRUKHLIHUUDLVLQJLV
UDWKHU KLJK DQG QR LQFRPH UHWXUQV WR WKH GDLU\ IDUP XQWLO WKH\ FDOYH RU DUH VROG /RZH ,, HW DO  )HHGLQJ
DJULFXOWXUDO E\SURGXFWV ZLWK PD[LPL]LQJ UXPHQ IHUPHQWDWLRQ E\ SURYLGLQJ HVVHQWLDO VXEVWUDWHV LV DQ DOWHUQDWLYH
VWUDWHJ\ WR PLQLPL]H IHHG FRVW DQG VWLOO PD[LPL]H WKH SURGXFWLYH SHUIRUPDQFH RI WKH KHLIHU 3LQHDSSOH ZDVWH D
FDQQHU\E\SURGXFWRISLQHDSSOHAnanas comosusZRXOGEHDQ LQWHUHVWHG IHHGVWXII IRU WKHKHLIHUEHFDXVHRI LWV
QXWULWLYHTXDOLW\DQGKLJKSDODWDELOLW\'DWWHWDO:LWWD\DNXQHWDO7RNHHSSLQHDSSOHZDVWHTXDOLW\IRU
ORQJVWRUDJHWKHHQVLOLQJSURFHVVLVQHFHVVDU\LQRUGHUWRGHYHORSVXIILFLHQWDFLGWRPDLQWDLQWKHPDVVLQDVWDWHRI
SUHVHUYDWLRQDVSLQHDSSOHZDVWHVLODJH3:6ZKLFKLVZHOOVXLWHGWRPL[ZLWKRWKHUIHHGLQJUHGLHQWV$P\ORSHFWLQ
LVDJOXFRVHSRO\PHUZKLFKFRQVLVWVPDLQO\RIORQJXQEUDQFKHGFKDLQ'JOXFRVHXQLWVFRQQHFWHGE\DOLQNDJHV
EXWLVDEUDQFKHGPROHFXOHZLWKDOLQNDJHVZLWKEUDQFKHGSRLQWVHYHU\WRJOXFRVHUHVLGXHV/HKQLQJHUHW
DO,QIHHGVWXIIVDP\ORSHFWLQLVULFKLQFDVVDYDFKLSVManihot esculenta)ZKLFKFRQWDLQDSSUR[LPDWHO\
RI WRWDO VWDUFK $IRDNZDHW DO  $P\ORSHFWLQ KDV D JUHDWHU UXPLQDO GLJHVWLELOLW\DQG UXPLQDO IHUPHQWDWLRQ
FKDUDFWHULVWLFV 6WUHHWHUHWDO.RWDUVNLHWDO:HVWHUHWDO)ROH\HWDOZKLOHQLWURJHQ LV
PDLQO\ UHTXLUHG E\ UXPHQ PLFUREHV WRJHWKHU ZLWK QRQVWUXFWXUDO FDUERK\GUDWH WR EH FRQYHUWHG WR KLJK TXDOLW\
SURWHLQRUPLFURELDOSURWHLQIRUKRVWDQLPDOV9DQ6RHVW,GHDOO\RSWLPDOUDWLRRIDP\ORSHFWLQFRPELQHGZLWK
QLWURJHQZRXOGHFRQRPLFDOO\LQFUHDVHGLJHVWLRQZLWKQRGHWULPHQWDOHIIHFWRQUXPLQDOS+ZKHQIHGZLWKORZTXDOLW\
URXJKDJH'XULQJGU\VHDVRQLQ7KDLODQGSDQJRODJUDVVKD\Digitaria decumbens) 3*+LVUDWKHUORZLQVROXEOH
FDUERK\GUDWHDQGFUXGHSURWHLQEXWKLJKLQVWUXFWXUDOFDUERK\GUDWHZKLFKOLPLWVIHHGHIILFLHQF\EHFDXVHRIWKHORZ
HQHUJ\FRQWHQWDQGVORZUDWHRIGLJHVWLRQ6XNVDWKLWHWDO7KHREMHFWLYHRIWKLVUHVHDUFKZDVWRH[DPLQHWKH
HIIHFWRIVXSSOHPHQWLQJDP\ORSHFWLQ$3RUQLWURJHQ1RUERWKLQPL[HGGLHWVFRQWDLQLQJKLJKUDWLRRISLQHDSSOH
ZDVWHVLODJH3:6WRSDQJRODJUDVVKD\3*+RQIHHGLQWDNHGLJHVWLRQFRHIILFLHQWGLJHVWLEOHQXWULHQWLQWDNHDQG
UXPLQDOIHUPHQWDWLRQRIGDLU\KHLIHUV
0DWHULDOVDQG0HWKRGV
2.1 Animals and experimental design 
)RXUFURVVEUHG+ROVWHLQKHLIHUVDYHUDJLQJNJERG\ZHLJKWZHUHDVVLJQHGLQD[/DWLQVTXDUHGHVLJQ
7UHDWPHQWVFRQVLVWHGRI7FRQWUROGLHW3*+DQGFRQFHQWUDWHSHOOHW&7DWUDWLRRI73*+3:6DQG&7
DWUDWLRRISOXVFDVVDYDFKLS&&DV$3VRXUFH73*+3:6DQG&7DWUDWLRRISOXV
XUHDDV1VRXUFH73*+3:6DQG&7DWUDWLRRISOXV&&DQGXUHD7DEOH7KHUH
ZHUHIRXUGH[SHULPHQWDOSHULRGV LQFOXGLQJGIRUDGMXVWPHQW WRIHHGDQGGIRUGDWDFROOHFWLRQHDFK(DFK
GDLU\KHLIHUZDVKRXVHG LQGLYLGXDOO\ZKHUHGULQNLQJZDWHUDQGPLQHUDOEORFNVZHUHDYDLODEOH WKURXJKRXW+HLIHUV
ZHUHIHG WZLFHGDLO\$QLPDOPDQDJHPHQWDQGH[SHULPHQWDOSURWRFROZHUHSHUIRUPHGZLWKUHVSHFW WRDQLPDOFDUH
DQGZHOIDUH

2.2 Sampling and analyses

)HHGRIIHUHGDQGUHIXVHGZHUHUHFRUGHGGDLO\LQDOOODVWGRIHDFKGDWDFROOHFWLRQSHULRG,QWKHILUVWGRIHDFK
DGDSWDWLRQSHULRG3:63*+DQG&7ZHUHFROOHFWHGDQGGULHGLQDq&KRWDLURYHQIRUKIRU'0FRQFHQWUDWLRQ
GHWHUPLQDWLRQLQRUGHU WRFRUUHFWGDLO\IHHGLQWDNH$OOFRZVZHUHZHLJKHGWKUHHWLPHVGGDQGGRIHDFK
SHULRG )HHG VDPSOHV IURP LQGLYLGXDO FRZV ZHUH FROOHFWHG GULHG DW & IRU  K JURXQG DQG FRPSRVLWHG WR
DQDO\]HIRUGU\PDWWHU'0DQGFUXGHSURWHLQ&3$2$&1HXWUDOGHWHUJHQWILEHU1')ZDVPHDVXUHGE\
WKHPHWKRGRI*RHULQJDQG9DQ6RHVW$FLGLQVROXEOHDVK$,$DVDQDWXUDOPDUNHULQIHHGZDVPHDVXUHGE\
WKHPHWKRGRI9DQ.HXOHQDQG<RXQJ'XULQJWKHODVWGRIHDFKGDWDFROOHFWLRQSHULRGIHFDOJUDEVDPSOHV
ZHUHFROOHFWHGLQGLYLGXDOO\GULHGDW&IRUKJURXQGDQGDQDO\VHGIRU'0DQG&3$2$&DQG1')
E\ WKH PHWKRG RI *RHULQJ DQG 9DQ 6RHVW  DQG $,$ E\ WKH PHWKRG RI 9DQ .HXOHQ DQG <RXQJ 
'LJHVWLELOLW\FRHIILFLHQWVRIQXWULHQWVZHUHFDOFXODWHGHTXDWLRQVJLYHQE\6FKQHLGHUDQG)ODWWDVIROORZV'0
GLJHVWLELOLW\ ±>u$,$LQIHHGy$,$LQIHFHV@1XWULHQWGLJHVWLELOLW\ ±>u$,$
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LQIHHGy$,$LQIHFHVuQXWULHQWLQIHFHVyQXWULHQWLQIHHG@5XPHQIOXLGVDPSOHVZHUHWDNHQE\VXFWLRQ
SXPS DW  K SRVW IHHGLQJ DQG PHDVXUHG S+ LPPHGLDWHO\ E\ SRUWDEOH S+ S+WHVWU  (87(&+ ,QVWUXPHQWV
6LQJDSRUH7KHPORIUXPHQIOXLGZHUHILOWHUHGWKURXJKIRXUOD\HUVRIVKHHWFORWKDGGHGZLWKPORIN+62
WR VWRS IHUPHQWDWLRQ FHQWULIXJHG DW  USP IRU  PLQXWHV DQG NHSW VXSHUQDWDQW IUR]HQ DW & XQWLO ODWHU
DQDO\VHG IRU YRODWLOH IDWW\ DFLGV XVLQJ DQ DQDO\WLFDO +LJK 3HUIRUPDQFH /LTXLG &KURPDWRJUDSK\ +3/& $JLOHQW
WHFKQRORJLHVVHULHV*HUPDQ\7RWDOYRODWLOHIDWW\DFLGZDVPHDVXUHGE\WKHPHWKRGGHVFULEHGE\%ULJJVHWDO

2.3. Statistical analysis 
'DWDZDVDQDO\]HGXVLQJWKHJHQHUDOOLQHDUPRGHOSURFHGXUHZKLFKWUHDWPHQWPHDQVZHUHFRPSDUHGE\'XQFDQ¶V
QHZPXOWLSOHUDQJHWHVWDQGVLJQLILFDQFHZDVGHFODUHGZKHQ3YDOXH63667KHVWDWLVWLFDOPRGHOXVHG
ZDV <LMN   UL   JM  WN HLM ZKHUH<LMN  GHSHQGHQW YDULDEOH     RYHUDOOPHDQUL   HIIHFW RI SHULRG
L  JM HIIHFW RI DQLPDO M  WN   HIIHFW RI WUHDWPHQW DQGHLM   UDQGRPHUURU 6WHHO DQG7RUULH
 
 
5HVXOWVDQG'LVFXVVLRQV
3.1.Chemical composition of diets 
 
7KHLQJUHGLHQWVDQGQXWULHQWFRPSRVLWLRQRIH[SHULPHQWDOGLHWVDUHSUHVHQWHGLQ7DEOH7KHFRQWUROGLHWZDV
UDWKHUKLJKLQ'0DQG1')FRQWHQWVEXWORZLQ&3$OOPL[HGGLHWVFRQWDLQHG3:6DQG3*+KDGORZHU'0DQG
1')EXWUDWKHUKLJKLQ&3WKDQWKHFRQWURO 
 
7DEOH,QJUHGLHQWVQXWULWLYHYDOXHVRIGLHWVDQGGDLO\QXWULHQWUHTXLUHPHQW

,WHPV 7UHDWPHQW
 7 7 7 7
,QJUHGLHQWVNJNJ'0  
3:6    
3*+    
&7    
&&    
8UHD    
7RWDO    
1XWULWLYHYDOXHVJNJ'0 
'0    
20    
&3    
1')    
'DLO\QXWULHQWUHTXLUHPHQW  
1(00-G    
1(*0-G    
',3JG    
1')NJG    
&DJG    
3JG    
7FRQWUROGLHW3*+DQG&7DWUDWLRRI73*+3:6DQG&7DWUDWLRRISOXV&&DV$3VRXUFH
73*+3:6DQG&7DWUDWLRRISOXVXUHDDV1VRXUFHDQG73*+3:6DQG&7DWUDWLRRI
SOXV&&DQGXUHD

3.2. Feed intake and digestion 
 
)HHGLQWDNHZDVVLPLODUDPRQJWUHDWPHQWVZKLFKUDQJHGIURPWRNJKGRUWRERG\ZHLJKW
GDLO\ 3! 7DEOH  7KH VXSSOHPHQWDWLRQ RI HLWKHU $3 RU 1 DQG ERWK UHVXOWHG DQ LQFUHDVH LQGLJHVWLRQ
FRHIILFLHQWRI'0DQG203EXWQRWDIIHFWHGRQGLJHVWLRQFRHIILFLHQWVRI&3DQG1')3!SRVVLEO\
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EHFDXVHRIORZHU'0FRQWHQWDQGKLJKHUGLJHVWLELOLW\3:*1RUPDOO\IHHGLQJPRUHGHJUDGDEOH1')LQFUHDVHVGU\
PDWWHULQWDNHEHFDXVHRIUHGXFLQJSK\VLFDOILOOLQWKHUXPHQ2EDDQG$OOHQ7KHVXSSOHPHQWDWLRQRI$3RU1
RUERWKKDGQRHIIHFWRQ'0LQWDNHLQDOOJURXSV37DEOH7KHGLJHVWLRQFRHIILFLHQWRI20ZDVLQFUHDVHG
E\ DGGLWLRQ RI $3 DQG 1 LQ IHHGV 3 +RZHYHU WKH GLJHVWLRQ FRHIILFLHQWV RI '0 &3 DQG 1') ZHUH
XQDIIHFWHGE\XUHDDQGVWDUFKVXSSOHPHQWDWLRQ3!7KLVFRQWUDVWHGZLWK6XNVDWKLWHWDOZKRUHSRUWHG
WKDW PL[LQJ 3*+ZLWK 3:6 LQFUHDVHG DSSDUHQW GLJHVWLELOLW\ RI '020 &3 1')DQG$') DVZHOO DV FDORULF
GHQVLW\RIGLHW7KH$3DQG1VXSSOHPHQWDWLRQVLQFUHDVHGGLJHVWLEOHQXWULHQWLQWDNHLQFOXGLQJ'0DQG&33
7DEOH

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3.3. Rumen pH and VFA concentration 
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QXWULHQW LQWDNH RI '0 DQG &3 )HHGLQJ KLJK UDWLR RI 3:6 WR 3*+ZLWK $3 DQG 1 VXSSOHPHQWV GLG QRW VKRZ
VLJQLILFDQWO\ SRVLWLYH HIIHFW RQ UXPHQ IHUPHQWDWLRQ RI GDLU\ KHLIHUV 5HVXOWV IURP WKLV VWXG\ VXJJHVW WKDW LW LV
EHQHILFLDO WR IHHG KLJK UDWLR RI 3:6 WR 3*+ ZLWK $3 DQG 1 VXSSOHPHQWV WR LPSURYH GLJHVWLRQ DQG GLJHVWLEOH
QXWULHQWLQWDNHLQKHLIHUV)XUWKHUUHVHDUFKVKRXOGEHLQYHVWLJDWHGRQPHWDEROLFUHVSRQVHVWRDOORZGHYHORSPHQWRI
IHHGLQJVWUDWHJLHVWRLPSURYHGDLU\KHLIHUSHUIRUPDQFH
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